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(54) TOe: METHOD OF POST CMP DEFECT STABILITY IMPROVEMENT 


Polish a substrate on a polishing pad 


▼ 

Remove pressure from the backside of substrate 


Y ; 

Pcrfonn a rinse step on the polishing pad with no pressure being 
e^plied to the backside of the substrate 


Increase the pressure to the backside of the substrate and continue the pad linsc step 


, ▼ 

Remove the substrate from the polishing pad 


(57) Abstract 


The present invention provides a method and apparatus for delivering one or more rinse agents to a surface, such ^a polishmg pad 
surface and preferably one or more polishing fluids. The invention also provides a method of cleaning one or more surfaces, such as a 
polishing pad surface and a substrate surface, by delivering a spray of one or more rinse agents to the surface and preferably causmg the 
rinse agent to flow across the surface from a central region to an outer region where unwanted debris and material is collected. 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 

ES 

Spain 

LS 

Lesotho 

SI 

Slovenia 

AM 

Annenia 

n 

Finland 

LT 

Uthuansa 

SK 

Slovakia 

AT 

Austria 

FR 

France 

LU 

Uucmbourg 

SN 

Senegal 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

sz 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Mokk>va 

TG 

Togo 

BB 

Barbados 

Gil 

Ghana 

MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belghim 

GN 

Guinea 

MK 

The fonner Yugoslav 

TM 

Turkmenistan 

BF 

Burkina Faso 

GR 

Greece 


Republic of Macedonia 

TR 

Ttokey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

BJ 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 

BR 

Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BV 

Belanis 

IS 

Iceland 

MW 

Malawi 

US 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

uz 

Uzbekistan 

CF 

Central African Republic 

JP 

Japan 

NE 

Niger 

VN 

Viet Nam 

CG 

Congo 

KE 

Kenya 

NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyigyzstan 

NO 

Norway 

ZW 

Zimbabwe 

a 

C6te d'lvoire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

PT 

Portugal 



CU 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



CZ 

Czech Republic 

LC 

Saint Luda 

RU 

Russian Federation 



DE 

Germany 

U 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




wo 00/18543 PCT/US99/22696 

1 

METHOD OF POST CMP DEFECT STABILITY IMPROVEMENT 
BACKGROUND OF THE INVENTION 

Field nf the Invention 

The present invention relates to chemical mechanical polishing of wafers, and 
more particularly to a slurry dispenser and rinse arm and methods of performing 
chemical mechanical polishing. 

P»ckgTQm4 of the An 

Integrated circuits are typically formed on substrates, particularly silicon 
wafers, by the sequential deposition of conductive, semi-conductive or insulative 
layers. After each layer is deposited, the layer is etched to create circuitry features. As 
a series of layers are sequentially deposited and etched, the uppennost surface of the 
substrate, /.e., the exposed surface of the substrate, may become non-planar across its 
surface and require planarizadon. This occurs when the thickness of the layers formed 
on the substrate varies across the substrate surface as a result of the nonuniform 
geometry of the circuits formed thereon. In applications having multiple patterned 
underlying layers, the height difference between the peaks and valleys becomes even 
more severe, and can approach several microns. 

Chemical mechanical polishing (CMP) is one accepted method of planarization. 
In a typical CMP system as shown in Figure 1, a substrate 12 is placed face down on a 
polishing pad 14 located on a large rotatable platen 16. A carrier 18 holds the substrate 
and applies pressure to the back of the substrate to hold the substrate against tiie 
polishing pad during polishing. A retaining ring 20 is typically disposed around the 
outer perimeter of the substrate to prevent the substrate from slipping laterally during 
polishing. A slurry is delivered to the center of the polishing pad to chemically 
passivate or oxidize the film being polished and abrasively remove or polish off the 
surface of the film. A reactive agent in the slurry reacts with the fibn on the surface of 
the substrate to facilitate polishing. The interaction of the polishing pad, the abrasive 
particles, and the reactive agent witii the surface of the substrate results in controlled 
polishing of the desired film. 
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One problem encountered in CMP is that the slurry delivered to the polishing 
pad may coagulate and along with the material being removed from the substrate may 
clog the grooves or other features on the pad thereby reducing the effectiveness of the 
subsequent polishing steps and mcreasing the likelihood of poor defect performance. 
Accordingly, rinse arms have been incorporated in some CMP systems to deliver de- 
ionized water or other rinse agents to -the pad to facilitate rinsing of the pad of 
coagulated slurry and other material in tiie grooves and on the surface of the pad. One 
rinse arm, disclosed in United States Patent No. 5,578,529, includes a rinse arm with 
spray nozzles positioned along its length to deliver a rinse agent at a pressure slightly 
higher than ambient to the surface of the pad. Another rinse assembly, provided by 
Applied Materials, Inc., Santa Clara, California, combines a rinse line and one or more 
slurry delivery lines in a single fluid delivery arm which delivers the rinse agent and/or 
the slurry to the center of the pad. This assembly is described in co-pending United 
States Patent Application Serial No. 08/549,336, entitled "Contmuous Processing 
System for Chemical Mechanical Polishing," 

However, each of these rinse assemblies has several drawbacks. First, the rinse 
arm disclosed m the noted patent is prone to splashing which may transfer particles or 
other unwanted debris from one polishing pad to an adjacent polishing pad. In 
addition, the rinse arm is fixed in its position over the pad so that the pad cannot be 
easily removed. Still further, the rinse arm must be disposed over the center of the pad 
in order to deliver the rinse agent to that portion of the pad. Depending on the location 
of the substrate carrier relative to the pad, rinsing of the central portion of the pad may 
not be accomplished unless the substrate carrier is moved from the pad and polishing 
steps are discontinued. 

The rinse assembly described in United States Patent Application Serial No. 
08/549,336 is limited in that the rinse agent is not delivered with force to the pad along 
the length of the rinse arm. In addition, the rinse agent is delivered at the center of the 
pad or where ever the dispensing end of the delivery channel is positioned. 

Therefore, there exists a need to provide a rinse and slurry delivery system 
which is moveable from a position over the polishing pad, which does not cause 
uncontrolled splashing of the rinse agent, and which delivers the rinse agent over the 
entire surface of the polishing pad without having to be located over the entire pad. 
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SUMMARY OF THE INVENTION 

The present invention provides a fluid delivery assembly comprising a rotatable 
arm defining one or more slurry deliver channels and one or more rinse agent delivay 
channels. Preferably, a series of nozzles are disposed on the arm and connected to the 
rinse agent delivery channels to deliver one or more rinse agents to a surface at a 
pressure above ambient In one embodiment, a splash guard is disposed downwardly 
from the arm adjacent the rinse agent delivery channels to confine the effects of 
splashing caused by the delivery of a rinse agent and to create a channel for enhanced 
removal of particles from the pad. In another aspect, the nozzles can be disposed on 
the arm at an angle relative to the plane of the arm to deliver fluid directionally across a 
selected surfece a non-perpendicular angle thereto to provide a sweeping efifect on the 
surface. Alternatively, nozzle spray pattems can be selected to deliver fluid 
directionally to the surfiace. 

In one aspect, at least one nozzle is adapted to deliver a rinse agent to the center 
of the pad, or near the center of the pad, without the need to extend the arm thereover. 
This can include a nozzle which is disposed over the center of the pad or a nozzle 
disposed on the rinse arm near the center of the pad. Preferably, the rinse arm does not 
extend over the center of the pad. Additionally, one or more nozzles may be ad^ted to 
deliver a rinse agent downwardly onto the surface or in a direction towards the edge of 
the pad to fecilitate removal of the rinse agent and collected material from the pad. 

In another aspect, the present invention provides a CMP method which provides 
a polishing step and a pad rinsing step following each polishing step to reduce the 
number of particles on each wafer and improve die repeatability of each polishing step 
by conditioning the pad prior to each processing step. Preferably, the rinse step is 
initiated prior to the substrate being removed from the pad and continues until another 
substrate is positioned for pnscessing or until the pad is cleaned. In a multi-pad system, 
the rinse step is preferably performed at each station. Alternatively, a fmal rinse station 
may be included where the substrate undergoes additional cleaning following polishing 
at other pads. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features, advantages and objects 
of the present invention are attained and can be understood in detail, a more particular 
description of the invention, briefly summarized above, may be had by reference to die 
embodiments thereof which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are dierefore not to be considered limiting of its 
scope, for the invention may admit to otiier equally effective embodiments. 

Figure 1 is a side view of an exemplary chemical mechanical polishing 
apparatus known in the art; 

Figure 2 is a top view of one embodiment of a fluid delivery arm and related 
hardware of the present invention; 

Figures 3a-c and 4a-d are cross sectional and schematic views of alternative 
embodiments of a fluid delivery arm showing the rinse agent delivery channel and tiie 
spray patterns and arrangements of the nozzles; 

Figure 5 is a detailed view of a seal assembly for the rinse agent delivery 
channel; 

Figure 6 is a partial sectional view of one embodunent of a fluid delivery arm 
showing a rinse agent delivery nozzles and one slurry delivery tube; 

Figure 7 is a detailed view of a seal assembly for the rinse agent delivery 
channel; 

Figure 8 is a cross sectional view through die arm assembly along line 8-8 in 
Figure 6; 

Figure 9 is a schematic of a multi-pad system; and 

Figure 10 is a flow diagram of one process sequence of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a fluid delivery assembly for a chemical 
mechanical polishing apparatus having at least one rinse agent delivery line and 
preferably one slurry delivery line. In one aspect of the invention, the rinse agent 
delivery line has one or more spray nozzles disposed thereon along its length to deliver 
a spray of rinse agent to a surface above ambient pressure and a splash guard to contain 
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the spray from the nozzles and control cross contamination of other system components 
or wafers. In a preferred embodiment, the fluid delivery assembly is rotatably mounted 
adjacent the surface to which it is intended to deliver the rinse agent and/or slurry to 
provide easy access to the surface for replacement and or other maintenance. 
Additionally, sweeping nozzles may be disposed on the aim to urge rinse agent and 
debris towards and off die edge of the surface being cleaned. 

The invention further provides cleaning and polishing processes wherein a rinse 
agent is delivered to a surface, such as a pohshing pad surface, while a substrate is still 
in contact with the pad and shortly thereafter to rinse the substrate and the surface. The 
processes have the advantage of at least increasing substrate throughput by 
substantially performing a rinse step while a substrate is being loaded/unloaded from a 
carrier or while the carriers are rotated to another processing station. Another 
advantage is that the rinse step lowers the number of particle defects associated with 
each substrate by rinsing the substrate prior to removal from the pad and dien 
continuing to rinse the pad before another substrate is positioned thereon for 
processing. 

Figure 2 is a top view of a CMP system having one embodiment of a fluid 
delivery system 20 of the present invention disposed over a polishing pad 22. The fluid 
delivery system includes a delivery arm 24 having a base portion 26 disposed 
outwardly from the edge of the pad and an end portion 28 disposed over the pad. The 
base portion 26 is mounted on a shaft 40 (shown in Figures 3a, 3b, 3c and 6) to enable 
rotation of the fluid delivery system 20 between a processing position over the 
polishing pad and a maintenance position adjacent the pad. The arm is generally 
angled along its length from its base portion 26 to its end portion 28, though it may be 
straight, and includes two slurry delivery lines 30, 32 mounted on or disposed within 
the fluid delivery arm 24. Preferably, tubing is used as the slurry delivery lines and one 
or more slurries are pumped from one or more slurry sources using a diastolic pump or 
some other type of pump out through the end of the tubuig, A central rinse agent 
delivery line 38 delivers one or more rinse agents to a plurality of nozzles 34, 36 
mounted to the lower surface 44 of the fluid delivery arm. The end portion 28 
preferably terminates at a position short of the center of the pad 22 to allow the carrier 
holding the substrate to move radially across the pad approaching or even over the 
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center of the pad during polishing without the risk of having the arm collide with the 
carrier, A nozzle 36 is disposed on the end portion of the arm at an angle to the plane 
of the arm to deliver one or more rinse agents to the center of the pad. Alternatively, a 
straight arm or an angled arm extends over the center of the pad and mounts a nozzle 
34 at or near the distal end of the arm to deliver rinse agent to the central portion of the 
pad. Typical house pressures range from about 15 psi up to about 100 psi, this range 
being sufficient to deliver the rinse agent to the pad at a pressure higher than ambient 
Preferably, the rinse agent is delivered at a pressure of about 30 psi or higher. 

Figure 3a is a cross sectional view of the fluid delivery assembly 20 of Figure 2 
showing the rinse agent delivery line 38 and the mounting shaft 40. Tne shaft 40 
defines a rinse agent channel 42 along its length which delivers a fluid to the fluid 
delivery arm 24, The arm similarly defines a chaimel or delivery line 38 along its 
length which terminates at the end portion 28. In alternative embodiments shown 
below, the rinse agent channel or delivery line 38 may include extensions to deliver 
fluid to sweeping nozzles 37 which will be described below. A plug 46 may be 
disposed in one end or both ends of the channel depending on the process used to 
machine the chaimel or line 38, The rinse agent chaimel 42 delivers one or more rinse 
agents to the channel or fluid delivery line 38 of the arm 24 from a source provided in 
conjimction with a CMP system. A seal is provided between the shaft 40 and the aim 
24 and will be described in more detail below in reference to Figure 5. The channels 
42, 38 may be machined channels or may be tubing disposed through and secured in 
each of the shaft and the arm. 

A series of nozzles 34, 36 are threadedly mounted in or otherwise disposed on 
the lower surface 44 of the arm and are connected to the rinse agent delivery line 38. 
In one embodiment, five spray nozzles are threadedly mounted along the length of the 
arm having the spray patterns shown. The end nozzle 36 is disposed at an angle to the 
plane of the arm, e.g., an acute angle, to deliver a fluid a distance away from the end 
portion 28 of the arm towards the central portion C of the pad 14. The nozzles are 
preferably fme tipped nozzles which deliver the rinse agent in a fan-shaped plane to 
reduce the effects of splashing caused by the spray of rinse agent contacting the pad 
surface. On example of nozzles which can be used to advantage are available fh)m 
Spraying Systems company, Wheaton, IL, under model Veejet Spray Nozzle, Kynar* 


wo 00/18543 PCT/US99/22696 

7 

Series. In a preferred embodiment, the nozzles deliver fluid in an overlapping pattern 
to insure that a substantial portion of the pad is subjected to the spray from the nozzles. 
The end nozzle 36 is positioned to deliver fluid outwardly beyond the end of the arm 
to cover the remaining pad regions, including the central portion of the pad, while also 
preferably overlapping the spray from the adjacent nozzle to insure that each region of 
the pad is cleaned. While it is preferred to overlap the spray patterns, it is not 
necessary that each spray pattern overlap the adjacent patterns. 

In another embodiment, the nozzles may include spray patterns which direct the 
rinse agent downwardly and outwardly over the surface of die pad towards the edge E 
of the pad 14. As one example, nozzles having a fan shaped pattern directed outwardly 
towards the base of the arm 26, as shown in Figure 3b, may be employed. 
Alternatively, as shown in Figure 3c, sweeping nozzles 37 are interspersed with nozzles 
34, and may be mounted in the arm at a non-perpendicular angle fix)m the plane of the 
rinse arm. Sweeping nozzles 37 thereby direct the spray from nozzles 34 and 37 and 
sweep accumulated rinse agent and debris towards the outer edge E and then off of the 
pad 14. As an example of an embodiment of the present invention, arm 28 as shown in 
Figure 3c extends over the center C of the polishing pad 14. 

It is believed that directing the spray via sweeping nozzles 37 downwardly and 
outwardly over the pad surface may enhance removal of material and cleaning of the 
pad surface. Preferably, nozzles 34 and 36 are disposed to deliver a spray of rinse 
agent directly to the pad while sweeping nozzles 37 are disposed to enhance removal of 
material and rinse agent from the pad. Nozzles 34 and 36 direct rinse agent, set at an 
optimal pressure to provide sufficient volume of rinse agent between pad 14 and the 
rinse arm 28 and shield member 68, such that a disturbance is caused, and particles are 
thereby lifted and suspended in the volume of liquid. Preferably, the angled spray from 
nozzles 37, also set at an optimal pressure to direct the suspended particles and the 
rinse agent off of the pad, z.c, thereby sweeping the pad clean of particles and fluid and 
enhancing removal of rinse agent and debris from the pad 14. Sweeping nozzles 37 
have particular application in those processes where heavy materials are used or heavy 
build-up of slurry, agglomerates and/or wafer debris occurs during polishing. 

Figures 4a-d are schematic representations of other alternative embodiments of 
nozzles and spray patterns for delivering the rinse agent to the pad The embodiments 
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include the nozzles 34 and 36 as depicted in Figures 3a-c and additional sweeping 
nozzles 37, as shown in Figure 3c, disposed in the arm 24 or otherwise adapted to 
deliver a rinse agent at a non-perpendicular angle to the surface of the pad. Figure 4a 
shows the nozzles 34 and 36 offset from center on the arm 24 and adjacent sweeping 
nozzles 37 disposed adjacent thereto. The sweeping nozzles 37 may be laterally 
aligned with or offset from the nozzles 34 and 36. Figures 4a-d show the sweeping 
nozzles 37 offset from the nozzles 34 and 36. 

Figure 4b shows the nozzles 34, 36 centrally disposed along the length of the 
arm and two rows of sweeping nozzles 37 disposed along each side of the arm. These 
sweeping nozzles 37 may be aligned with or offset from the nozzles 34, 36. Figure 4c 
is a further modification showing a staggered pattern for the two rows of sweeping 
nozzles 37. Figure 4d shows still another embodiment incorporating an additional 
nozzle 34 and an additional pair of sweeping nozzles 37. The nozzles 34 disposed at 
the end of the arms shown in Figures 4 c and 4d extend over the center of the pad, or at 
least close to the center of the pad, to deliver a rinse agent to the central portion of the 
pad. The number and arrangement of the nozzles 34, 36, 37 can be varied depending 
on the size of the pad and the materials used, including the slurry material, the pad 
material, the material to be polished, the water volume and water pressure, etc. In 
addition, the nozzles and lines supplying fluid to the nozzles 34, 36, 37 are arranged to 
allow the slurry delivery lines to be routed along the length of the arm. 

Figure 5 is a detailed section of the connection between the arm 24 and the shaft 
40 which shows the seal between the channels 38, 42 formed in each of the arm and the 
shaft. Preferably, the top of the shaft has a planar mating surface 48 on which the arm 
is mounted. The ann is secured to the shaft 40 xising screws 49 or other connectmg 
member/arrangement. An aimular coupling 50 is formed aroimd the channel 42 at the 
upper end of the shaft and mates with a recess 51 formed in the lower surface of the 
arm 24. An o-ring groove 52 is formed in the mating surface 48 on the upper end of 
the shaft 40 to mount an o-ring 54 for sealing the shaft with the arm. The chamfered 
edges of the coupling 50 provide ease of assembly. 

Figure 6 is a cross sectional view showing one of the slurry delivery lines 32 
disposed on the arm 24 and through the shaft 40. The slurry lines 30, 32 are preferably 
made of a removable tubing disposed through a channel 56 formed m the shaft 40 and 
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mounted in a pair of channels 58 (shown in Figure 8) fonned in the lower surface 44 of 
the aim. A cover 61 is mounted to the lower surface of the arm to secure the tubing in 
place within the channels 58. Alternatively, the Unes can be press fitted into the 
grooves 58 and secured by brackets or other fittings therein. The ends 59 of the slurry 
delivery lines 30, 32 are routed through a pair of channels 63 formed in the cover 61 
and out of the end of the arm 24 to deliver the slurry to the pad. The channels 63 can be 
located and angled to position the dispensing ends of the tubes adjacent the center of 
the pad so that a slurry can be dispensed thereto. 

Figure 7 is a detailed section of the connection between the arm 24 and the shaft 
40 which shows the seal around the tube 32. The seal is formed around the tubing 32 at 
the interface of the arm 24 and shaft 40 by disposing a washer 60 around the tubing 
adjacent an o-ring 62 disposed in an o-ring groove 64 formed in the mating surface of 
the shaft. The washer 60 is housed in a recess 66 formed in the lower surface of the 
arm. 

Figure 8 is a cross sectional view through the arm assembly along line 8-8 in 
Figure 6 showing the relationship of the slurry delivery lines 30, 32, the rinse agent 
channel 38 and the nozzles 34. A shield member 68 extends downwardly from the 
lower surface 44 of the ann and includes two walls 70, 72 which confine at least a 
portion of the rinse agent spray therebetween. The lower edges 74, 76 of the shield 
member 68 are positioned above the surfece of the pad, or other surface onto which the 
fluids are delivered, to allow material to pass thereunder while also effectively pooling 
the rinse agent between the walls 70, 72. The lower edges 74, 76 and the upper surface 
of the pad define a passage through which the rinse agent and the slurry may flow. The 
distance between the lower edge of the shield and the surface of the pad is preferably 
optimized according to flow rates of slurry, rinse agent and rotational speed of the pad. 
Preferably, the distance between the lower edge of the shield and the pad is in the 
range of about 1 to about 5 nun when a rinse agent flow rate is in the range of between 
230 ml/min, and about 6000 ml/min., at a pressure in the range of between about 15 psi 
to about 100 psi. These ranges are only representative and are not to be considered 
limiting of the scope of the invention because other distances and flow rates could be 
selected depending on the conditions and materials used or subjected to a particular 
process. For example, at a pressure of 60 psi, a flow rate of 5.15 1/min, shows 
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satisfactory particle and rinse agent removal from the polishing pad surface. The flow 
rate of the rinse agent and the distance between the lower edge of the shield and the 
substrate can be set so that a wave of rinse agent can be accumulated and swept across 
the surface of the pad and directed outwardly over the pad so that the pad and the 
substrate can be cleaned. As the polishing pad rotates, in combination with the angled 
contour of the arm and shield as shown in Figure 2, the rinse agent and excess material 
are carried towards the edge of the pad E where the resulting material can be removed. 
It is understood, however, that a substantially straight arm may be used, and will also 
provide advantageous effects, by the present invention, 

Tne fluid delivery assembly, Le., the arm 24 and the shield member 68, is 
preferably made of a rigid material, such as polypropylene, which is chemically inert 
and will not adversely react with the polishing materials used m CMP processes. The 
material must be sufficiently rigid so that die structure does not sag or droop along its 
length. The slurry delivery lines are preferably made of a tubing material, such as 
Teflon*, Avhich is not reactive with the various slurries used in CMP processes. 

The methods of the present invention will now be described in detail below. It 
should be recognized that each of the methods of the present invention may be 
practiced on a single or a multi- pad system. Figure 9 is a multi-pad system 
representative of the MIRRA*" system available from Applied Materials, Inc. of Santa 
Clara, California. Typically, a substrate is positioned or chucked to a carrier which 
positions a substrate on the polishing pad and confines the substrate on the pad. The 
polishing pad 14 is typically rotated and the substrate may also be rotated within the 
carrier 18, Additionally, die carrier may be moved radially across the surface of the 
polishing pad to enhance uniform polishing of the substrate surface. Once the substrate 
is located in the carrier and the carrier is located over the polishing pad, a slurry is 
typically delivered to the polishing pad. The slurry can comprise any number of 
materials, such as sodium hydroxide, or may just be deionized water if used on a rinse 
pad. The carrier is then lowered over the polishing pad so that the substrate contacts 
the pad and the substrate surface is then polished according to a pre-selected recipe. 
Towards the end of the polishing step, a rinse agent, such as water, deionized water, 
sodium hydroxide, potassium hydroxide or other known agent, is delivered to the pad 
via the nozzles 34, and/or 36, 37 on the rinse aim to rinse the polishing pad and the 
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substrate. The rinse agent is delivered to the polishing pad for a period of about 5 to 
about 20 seconds during which time the substrate is raised from the polishing pad 14 
and the carrier 18 is moved either to the next processing position in multiple polishing 
pad systems and/or into position for unloading the substrate and loading the next 
substrate for processing. 

It is believed that a wave of rinse agent formed between the walls 72, 74 of the 
shield 68 forms a suspension layer on die substrate and on the polishing pad into which 
the removed material and other particles are collected and swept under centrifugal 
force or the force of the spray to the edge of the pad where it can be removed or filtered 
from the system. Preferably, the pohshing pad continues to rotate as the rinse agent is 
delivered to the pad. The rinse step may continue until another substrate is positioned 
in the carrier 18 and the carrier is moved to a process position. Preferably, the rinse 
step is performed for about ten to about fifteen seconds while the carriers on a multi- 
carrier/pad system are rotated and an unloading/loading step is performed at the 
loading/unloading station. 

In a three polishing pad system, such as the MIRRA""^ system available from 
Applied Materials, Inc., Santa Clara, California, a preferred polishing sequence 
includes two polishing stations, a rinse station, and a load station. The first two 
polishing stations preferably mount a first and a second polishing pad, such as an IC 
1000 pad from Rodel, Inc., and the rinse station preferably mounts a rinse pad, such as 
a Politex pad also from Rodel, Inc. Four substrate carrier heads 18 mount on a central 
carousel disposed above the pads and which can be sequentially rotated to position a 
substrate in the four different stations mentioned above. 

According to one polishing method of the present invention, a substrate 
undergoes polishing at the first polishing station and then at the second polishing 
station. A polishing step and recipe are selected to polish the desired material(s) to 
achieve the desired results. Multiple polishing steps, recipes, pads etc. can be 
employed to achieve these results. The substrate is then moved to the rinse station 
where a rinse agent is delivered to the rinse pad and the substrate is disposed on the pad 
by the carrier head. According to the present invention, a pad/substrate rinse step is 
performed at each station. Preferably, the pad/substrate rinse step is performed towards 
the end of the polishing step and continues until another substrate is positioned over the 
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pad. Once the polishing step is substantially complete, a rinse agent is delivered to the 
pad for a period of a few seconds, e.g.y for about 3 to about 60 or more seconds, as the 
system prepares to lift the substrate from the pad to rinse at least a portion of the 
residue of polished material and slurry from the pad and the substrate. The rinse step 
then continues as the substrate is removed from the pad and the carrier head carousel is 
rotated to the next station to position a substrate adjacent to a pad for continued 
processing or for unloadmg. Preferably, the rinse step is performed substantially 
during cross rotation of the carrier heads, z.e., when the carrier heads are rotated to the 
next position, so that substrate throughput is not adversely affected. During the rinse 
step, rotation of the platen 16 and pad 14 continue so that the centrifugal force urges 
the rinse agent and the slurry material radially towards the edge of the pad and into a 
collecting area. Preferably,' the pad is rotated at a rate of from about 80 to about 150 
revolutions per minute, most preferably from about 95 to about 1 15 rpm. Additionally, 
in one embodiment, nozzles 37 assist m moving material and rinse agent across the 
surface of the pad. 

In another embodiment, polishing pads may be mounted on all three platens and 
the rinse step performed at each polishing pad. In this embodiment, the substrate 
cleaning step is preferably performed on the third pad. A rinse step is performed on 
each polishing pad as described above. However, the additional rinse step performed 
at the third pad has been found to enhance defect performance by increasing the time 
during which the substrate is in contact with the rinse agent As a result, the rinse pad 
at the third platen is also maintained in a very clean state. 

In another embodiment, a multiple pad system is used and, for example, three 
polishmg pads, such as IC pads, are placed at each of the polishing stations. A rinse 
step is performed at each of the first two pads afrer the substrate has been de-chucked, 
or lifted off of the polishing pad. This step enables the pad to be cleaned before the 
next substrate is disposed thereon for polishing. At the third pad, a rinse step is 
performed while the substrate is in contact with the polishing pad. A backside pressure 
of about 2 to about 10 psi is applied to the backside of the substrate during the cleaning 
process. It has been discovered that particle counts is reduced when the pressure is 
increased on the backside of the substrate during this cleaning process. Preferably, this 
rinse step is performed for a period of 2 or more seconds, and more preferably for 
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about 8-12 seconds, to enable sufificient cleaning of the substrate. The cleaning step 
can. be continued after the substrate has been de-chucked from the surface of the 
polishing pad to additionally rinse the pad before the next substrate is positioned 
thereon for polishing. It is believed that the high pressure rinse combined with the 
increased backside pressure on the substrate contributes to the reduction in particle 
counts from the prior processes which do not use high pressure rinse and increased 
backside pressure. The use of three polishing pads, in a three pad system, increases 
throughput by reducing the amount of time the substrate spends at each of the three 
pads. 

In still another embodiment, two polishing pads, such as IC pads, and one rinse 
pad, such as a Politex pad, can be utilized and include a rinse step at the second 
polishing pad similar to the rinse step at the third IC pad described immediately above. 
A pressure of about 2-10 psi is preferably applied to the backside of the substrate 
during the rinse step to ftnther enhance removal of particles. A final cleaning step is 
then performed at the rinse pad. The backside pressure is preferably reduced to about 2 
psi or less. However, a higher pressure could be used if a surfactant or other fluid is 
used to reduce the friction on the substrate. Preferably, this rinse step is performed at 
the second pad for a period of 2 or more seconds, and more preferably for about 8-12 
seconds, to enable sufficient cleaning of the substrate. 

Still another sequence that can be used to advantage to improve defect 
performance includes a pad rinse step with zero or low pressure applied on the backside 
of the substrate as shown in Figure 10. In this sequence, the substrate is first polished 
on a polishing pad and then towards the end of the polishing step, the pressure on the 
backside of the substrate is removed and a pad rinse step is performed. Preferably, the 
pad rinse step is performed xmder the following conditions: 

Substrate backside pressure 0 psi 

Rinse time 2-10 seconds 

Solution De-ionized water 

The pad is first rinsed to remove debris which may have collected on the pad 
during polishing, The rinse step is preferably performed at high rinse solution pressure 
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in the range of about 20 psi to about 50 psi to promote pad cleaning. Following the pad 
rinsing step with zero or low pressure applied on the backside of the substrate, the rinse 
step continues and pressure is applied to the backside of the substrate. Preferably, the 
pressure on the back of the substrate is in the range of about 2 psi to about 10 psi. 
However, higher or lower pressures could be used depending on the application and 
materials being removed and pad composition. The rinse step with pressure applied to 
the backside of the substrate is preferably performed for about 2 to about 12 seconds. 
The pressure of the rinse solution is preferably maintained between about 20 psi and 
about 50 psi. 

Process results show a reduction in particle counts to an average of 30 > 0.25um 
on Tencor 6200, which is the instrument with enhanced sensitivity to typical polishing 
defects after 100 substrates have been processed on the same set of pads. In addition to 
improving particle coxmts, the pad life may be improved considerably because debris is 
periodically removed from the pad before damage can be done to the pad. 

The above described process can be med to advantage in any chemical 
mechanical polishing apparatus configuration. In general, the above process is used to 
advantage on the last polishing pad used in the process. For example, in a three pad 
polishing configuration having two polishing pads and one rinse pad, the above 
sequence can be used to advantage on at least the second polishing pad. In a three 
polishing pad system, the above described process can be used to advantage on at least 
the third or last polishing pad. 

While the foregoing is directed to a preferred embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope is determined by the claims 
which follow. 
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)VH/iTTSrT AIMED IS: 

1 . A method of polishing a substrate, comprising: 

a) positioning a substrate in contact with a polishing pad; 

b) applying pressure to the backside of the substrate; 

c) polishing the substrate for a period of time; 

d) removing the pressure torn the backside of the substrate; 

e) delivering a rinse agent to the pad to clean the pad; 

f) cleaning the pad for a period of time; and 

g) re-applying a pressure to the backside of the substrate. 

2. The method of claim 1 wherein the pressure applied to the backside of the 
substrate is in the range of between about 2 psi and about 10 psi. 

3. The method of claim 2 wherein the polishing pad is rotating at least during 
steps c) through g). 

4. The method of claim 3 further comprising the step of continuing the delivery of 
the rinse agent while the substrate is removed from the pad. 

5. The method of claim 4 wherein the rinse agent is delivered to the pad for at 
least about 3 seconds during steps e) and f)- 

6. The method of claim 1 wherein the rinse agent is delivered to the pad under 
pressure. 

7. The method of claim 1 further comprising removing the substrate from the pad 
while the rinse agent is being delivered to the pad. 

8. A method of polishing a substrate, comprising: 

polishing the substrate at a polishing pad by disposing the substrate on the pad 
under a pressure; and 
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rinsing the polishing pad by delivering a rinse agent to the pad and removing 
the pressure fix)m the substrate. 

9. The method of claim 8 further comprising re-applying pressure to the substrate 
and continuing to rinse the polishing pad. 

10. The method of claim 9 wherein the rinse agent is deUvered at a pressure of 
about 40 to about 100 psi. 

11. The method of claim 10 wherein the pressure applied to the substrate is in the 
range of about 2 to about 10 psi. 

12. The method of claim 1 1 further comprising subsequently rinsmg the substrate at 
a rinse pad. 

13. A method of rinsing a substrate, comprising: 
disposing a substrate on a rotatmg pad; 

providing a backside pressure greater than about 2 psi to the backside of the 
substrate; 

polishing the substrate on the pad; 

delivering a rinse agent to the pad and the substrate; 

removing the backside pressure from the substrate while continuing to deliver 
the rinse agent; and 

re-applying the backside pressure to the substrate while continuing to deliver 
the rinse agent to the pad and the substrate. 

14. The method of claim 13 further comprising removing the substrate from the pad 
while the rinse agent is being delivered to the pad. 

15. The method of claim 13 wherein the rinse agent is delivered at a pressure of 
about 40 to about 100 psi. 
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16. The method of claim 13 further comprising the step of continuing the delivery 
of the rinse agent while another substrate is positioned adjacent the second polishing 
pad. 

1 7. A method of polishing a substrate, comprising: 

a) positioning a substrate adjacent to a polishing pad; 

b) delivering one or more polishing fluids to the pad; 

c) positioning the substrate in contact with the pad; 

d) polishing the substrate for a period of time; 

e) delivering a rinse agent to the pad while the substrate is in contact with 
the pad; and 

f) applying a backside pressure to the substrate in the range of between 
about 2 and about 10 psi. 

18. The method of claim 1 7 wherein the pad is rotating during steps b) through f). 

19. The method of claim 18 wherein the substrate is rotating at least during steps c) 
through f). 

20. The method of claim 17 further comprising the step of continuing the delivery 
of the rinse agent while another substrate is positioned adjacent the pad 

21. The method of claim 20 wherein the rinse agent is delivered to the pad for at 
least about 3 seconds during step e). 

22. The method of claim 17 wherein the rinse agent is dehvered to the pad under 
pressure. 

23 . The method of claim 1 7 further comprising removing the substrate from the pad 
while the rinse agent is being delivered to the pad. 
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24. A method of polishing a substrate, comprising: 
polishing the substrate at a first polishing pad; 
polishing the substrate at a second polishing pad; and 

rinsmg the substrate at the second polishing pad by delivering a rinse agent to 
the pad and applying a pressure in the range of about 2 to about 10 psi to the backside 
of the substrate. 

25. The method of claim 24 wherein the rinse agent is delivered at a pressure of 
about 40 to about 100 psi. 

26. The method of claim 24 further comprising the step of continuing the delivery 
of the rinse agent while another substrate is positioned adjacent the second polishing 
pad. 

27. The method of claim 24 further comprising removing the substrate from the pad 
while the rinse agent is being delivered to the pad. 

28. The method of claim 24 further comprising rinsing the substrate at a rinse pad. 

29. A method of rinsing a substrate, comprising: 
disposing a substrate on a rotating pad; 

providing a backside pressure greater than about 2 psi to the backside of the 
substrate; and 

delivering a rinse agent to the pad and the substrate. 

30. The method of claim 29 further comprising removing the substrate from the pad 
while the rinse agent is being delivered to the pad. 

31. The method of claim 29 wherein the rinse agent is delivered at a pressure of 
about 40 to about 100 psi. 
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32. The method of claim 29 further comprising the step of continuing the delivery 
of the rinse agent while another substrate is positioned adjacent die second polishing 
pad. 
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